ABSTRACT
INTRODUCTION
The magnetic hysteresis observed in ferromagnetic materials has been a long standing problem and still attracting the attention of many researchers [1] , [2] , [3] . Experimental observations show that hysteresis is a phenomenon resulting from the combined action of several identical interacting entities. In ferromagnetic materials, the magnetization is a result of the interaction of magnetic Weiss domains [4] . Several mathematical models of hysteresis have been developed in order to describe magnetic materials behavior and their properties [1] , [4] , [5] , [6] . Among these models, the Preisach model is one of the most powerful tools in modeling magnetic hysteresis. The implementation of this model is closely related to the identification of its density function. Several identification methods have been published in the literatures and are mainly based on two approaches: analytical approaches and the numerical approaches [1] , [5] , [6] , [7] , [8] , [9] . In the following, after a brief presentation of the principle of hysteresis modeling using the Preisach model, we present our new approach for identifying the Preisach density function using few experimental data extracted from the experimental first magnetization curve. Mathematical developments revealed a parameter denoted  characterizing the ferromagnetic material. Finally, we have validated our numerical results by comparisons with available experimental data.
THE SCALAR PREISACH MODEL
The Preisach model describes hysteresis as a weighting sum of many elemental hysteresis operators Fig. 1(a) ).
Parallel to the concept of elementary hysteresis operators introduced, a statistical function representing their spatial distribution in the Preisach triangle (see Fig.  1(b) ) must be determined. This function is called Preisach density function [4] 
Thus, at any instant of time the integral in (1) can be subdivided into two integrals over S + (t) and S -(t):
PREISACH DENSITY FUNCTION IDENTIFICATION
The Preisach density function identification is a critical step in the simulation of hysteresis by using the Preisach model. Several approaches have been proposed in the literature: analytical approaches generally based on the choice of the density function shape [6] and numerical approaches that require experimental data [1] , [4] , [7] , [9] . Subsequently, we will briefly explain the link between the curve (H, M) and the Preisach triangle.
Starting from a value (-H s ) of the excitation, we increase it monotonically until the value (H 1 = α 1 ), we obtain the part of the magnetization curve shown in (see Fig. 2.(a) ). Then, we decrease the excitation to the value (H 2 = β 1 ) and we obtain the part of the magnetization curve shown in (see Fig. 2.(b) ). Finally, we obtain the cell denoted by T(α 1 , β 1 ) (see Subsequently, the variation is given by [1] :
The above equation is a bijective relationship between Preisach triangle discretization (second term of (4)) and the magnetization variations (first term of (4)). It should also be noted that each cell of the discretized Preisach triangle provides information about the discretized value of the Preisach density function.
Based on these observations, we develop a new identification method using few experimental data extracted from first magnetization curve. These experimental points are associated with a cloud of created points whose magnetization is bounded by the saturation values. These created points are placed in the (H, M)-plane by following a developed procedure and they allow full Preisach triangle discretization.
FORMULATION OF THE NEW PROPOSED IDENTIFICATION METHOD
In the identification process, we make the following assumptions:
1. in each cell C (i,j) of the discretized Preisach triangle, the density function ν(α, β) is constant:
where S (i,j) is the area of the cell C (i,j) , ν (i,j) the discrete value of the Preisach density function and ν ij the discrete value multiplied by the area of the cell.
2. symmetry of the density function with respect to the line (α = -β) in the Preisach triangle.
Using these assuptions, we consider:
extracted from first magnetization curve (see Fig. 3.(a) ) with H  constant. • a cloud of ( It should be noted that created points are also equally spaced (second equation of (8) To explain the process used in the new proposed identification method, we consider 3  p experimental points extracted from a given first magnetization curve and their symmetrical relative to the origin of the (H,M)-
For the first experimental point ) , ( (Fig. 4) and by using (4), we have:
Subsequently, we can determine the value of the distribution function at the cell C (1, 2) (Fig. 4): ) ( 2 ) , ( 2 ) ( 12 11
For each considered experimental point, we construct a system of equations whose unknowns are the discrete value of the Preisach distribution function. For this, magnetization variations given by equation (4) represent respectively the number of the considered experimental point and the number of equations generated by the application of the developed procedure.
For the first experimental point (k=1) and (m=1,2); we have 2 equations:
At this step, we have determined the discrete values of the distribution function ( ) ( For different values of the factor λ, we presented the numerically identified Preisach density function and the corresponding hysteresis cycle. The value λ=0.5 gives a good restitution of the experimental cycle (Fig. 5 ) and the result is very significant particularly in the zone of the coercive field. The corresponding distribution function is represented in (Fig. 6 ). For λ=1 and λ=1.5, the simulated cycles are not in agreement with the experimental ones ( Fig. 6) and (Fig. 9) , this is particularly true near the remanence. Finally, when λ →0 the simulated cycle represents the median of the experimental cycle (Fig. 11) and (Fig. 13) the maximum values of the density function are situated on the line α = β which is a significant result because when α = β there is no hysteresis (Fig. 12) and Fig. 14) .
The λ factor is taken equal to the ratio of the magnetization at the bend of saturation (M bs ) to the magnetization of saturation (M s ) in the experimental first magnetization curve. Using the properties of the used material: (M bs ) = 6.3192 10 +5 (A/m) and (M s ) = 1.0866 10 +6 (A/m), which gives λ = 0.5815. Using this value of the λ factor, we obtain a good restitution of the experimental cycle (Fig. 15) and its corresponding distribution function is represented in (Fig. 16) : 
CONCLUSION
Despite the few experimental data used, the new proposed identification method of the Preisach density function gives very promising results. The method was tested only for the case of a soft magnetic material and the obtained results are very acceptable and allow very good restitution of experimental hysteresis cycles. This technique can be extended to the case of hard magnetic materials by a judicious selection of the λ factor. The mentioned advantages make the developed method a powerful numerical tool for Preisach density function identification when only the first magnetization curve is given.
